Mutations affecting the sensitivity of the influenza virus neuraminidase to 4-guanidino-2,4-dideoxy-2,3-dehydro-N-acetylneuraminic acid.
4-Guanidino-2,4-dideoxy-2,3-dehydro-N-acetylneuraminic acid (4-guanidino-Neu5Ac2en) specifically inhibits the influenza virus neuraminidase (NA) through interaction of the guanidino group with conserved Glu 119 and Glu 227 residues in the substrate binding pocket of the enzyme. To understand the mechanism by which influenza viruses become resistant to 4-guanidino-Neu5Ac2en, we investigated mutations at amino acid residues 119 and 227 in the influenza virus NA for their effects on this compound and on NA activity. The NA gene was cloned from the NWS-G70c virus, and mutations were introduced at the codon for amino acid residue 119 or 227. All of the 13 mutants containing a change at residue 119 were transported to the cell surface, although their expression levels ranged from 68.2 to 91.3% of wild type. Mutant NAs that retained at least 20% of the wild-type enzymatic activity were tested for their sensitivity to 4-guanidino-Neu5Ac2en and found to be sevenfold less sensitive to this compound than was the wild-type NA. By contrast, only 6 of 13 mutants defined by modifications at residue 227 were transported to the cell surface, and those NAs lacked substantial enzymatic activity (9% of wild type, at most). These results suggest that only a limited number of resistant viruses arise through mutations at Glu 119 and Glu 227 under selective pressure from 4-guanidino-Neu5Ac2en and that the development of compounds which interact with 227 Glu more strongly than does 4-guanidino-Neu5Ac2en may reduce the likelihood of drug-resistant viruses still further.